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INTRODUCTION
When loss of life is not a factor, it is generally not economically sound to design structures in or across streams for the maximum flood that may occur. Economic considerations will dictate the choice of a design frequency. An evaluation of these economic factors is beyond the scope of this report. It should be noted that the recurrence interval of a flood does not imply any regularity of occurrence. For an example, at any site, two 2 5-year floods may occur in consecutive weeks or such a flood may not occur in a period of 50 years.
The purpose of this report is to describe methods by which the magnitude and frequency of floods may be determined for most sites in Nebraska for which the drainage area is less than 300 square miles. The report was prepared in the Lincoln office of the U.S. Geological Survey, under the direction of Floyd F. LeFever, district engineer, Surface Water Branch, in cooperation with the Nebraska Department of Roads. Financial assistance in the preparation of the report was given by the Bureau of Public Roads.
DESCRIPTION OF AREA

PHYSIOGRAPHY
Nebraska has an expansive, gently rolling to rough topography, broken in places by low hills, a few isolated buttes, mesas, ravines, and several relatively shallow, major streams which flow in an easterly direction.
The altitude of the State ranges from 835 feet at the extreme southeast corner to a maximum of 5,340 feet at the western border. The land surface slopes rather consistently to the southeast with an average decline of about 9 feet per mile.
The small streams of Nebraska have a wide variation in slope depending on the topography of their drainage basins. The average fall for individual streams used in this report ranges from about 6 to about 110 feet per mile. The major streams fall from 4 to 8 feiet per mile.
SOIL
Most of the soil mantle of Nebraska originated from four major sources. The general location of these soils is shown on figure 1, which is based on reports by the Nebraska State Planning Board (1941) ,by Condra(l920) , and by Jenkins and others (1946) , and was used by Furness (1955) . Loess silt is the predominant mantle of Nebraska. It is wind transported from both glacial deposits and mountain outwash and is quite uniform in texture but decreases in grain size toward the southeast. It erodes readily when on a steep gradient and usually with a vertical cleavage line. Except for scattered land-locked areas in the headwaters of streams draining relatively level areas of the south-central plains, the drainage patterns are connected and runoff is prompt.
The Sand Hill region, second in areal extent of the four major soil areas, is composed mostly of porous dune sand formed from the weathering and reworking of sandy bedrock and early water and glacial deposits of sand and gravel. Except in the immediate vicinity of the few primary channels, there is no drainage pattern or surface connections to the streams. Rainfall readily reaches the high ground-water table and forms numerous lakes and marshes. Sand Hill streams have a fairly uniform flow which originates from the ground-water table. Flood runoff is minor and comes primarily from the narrow strips of land immediately adjoining the streams.
The outwash mantle from the mountains to the west and northwest is found in several areas along the western and northern parts of the State. The original high-plains surface remains as a variety of topographic forms ranging from comparatively smooth to rolling, as deeply eroded canyons, and as rough broken areas. The soil varies widely intexture. The drainage pattern is generally well defined and runoff is prompt although the slope of each drainage basin is an influencing factor.
Residual soils, the least in areal extent formed in place from sedimentary rocks and are found primarily in several smaller areas of western Nebraska. The ground surface varies from nearly level to undulating, rolling, rough and mountainous. Sedimentary rocks are exposed in the rough badlands. The soil texture also has a wide range in the residual soil areas. The drainage pattern is well defined and runoff is quite prompt.
Water-laid bottomland and areas of glacial drift are exposed to a very limited extent in the State.
INTRODUCTION
inches in the southeastern corner. About 75 percent of the annual precipitation falls during the six-month period April through September and about 42 percent of the annual precipitation falls in May, June, and July. A large part of the summer rainfall occurs during thunderstorms and generally falls at intense rates in short periods of time.
DRAINAGE AREAS
The total drainage area of streams in a major part of Nebraska does not contribute to the surface runoff; therefore, it is necessary to determine both the total drainage area and the area which contributes to the stream by surface runoff. Both total and contributing drainage areas are shown for the stations used; however, owing to the lack of complete coverage of good topographic maps of the State, some of the drainage area figures are qualified as approximate. Some of the small drainage areas were determined from aerialsurvey photographs obtained from the U.S. Department of Agriculture, Commodity Stabilization Service.
Nebraska is completely mapped by 1:250,000-scale maps of either 50-foot or 100-foot contour intervals. The scale and contour intervals do not permit reliable determination of drainage areas, especially for smaller, fairly level areas or, differentiation between contributing and noncontributing drainage areas.
Topographic maps, in scales varying from 1:24,000 to 1:125,000 and with contour intervals varying from 5 to 20 feet, have been published for about two-thirds of the State.
CAUSES OF FLOODS
In Nebraska the annual floods on drainage areas of less than 300 square miles generally occur during the months April through September. There are some spring breakup floods; they occur most frequently in the Sand Hill region where there is a relatively limited range in discharge.
Rainfall is the primary cause of floods. Much of the rainfall results from thunderstorms and ranges widely in amount, intensity^ and distribution, so that the relation of the actual amount of rainfall to the flood peak cannot be correlated. Besides the stream basins physiography which is fairly stable, the following conditions also influence the size of floods: (1) antecedent conditions, (2) direction of the storm, (3) variation of soil infiltration rate, and (4) land use and vegetal cover.
FLOOD RECORDS AVAILABLE
Records for 5 or more years in length of the annual floods not materially affected by regulation and diversion are available for 136 stations in Nebraska which have 300 square miles or less in contributing drainage area. In addition, six stations which have more than 300 square miles of contributing drainage area are included because of their strategic location. These six stations are: White River at Crawford, Ponca Creek at Anoka, Plum Creek near Meadville, Long Pine Creek near Riverview, Bazile Creek near Niobrara and Wood River near Riverdale. Table 1 gives a list, in the downstream order, of the stations used, their drainage area size, and a graphical illustration of the length of record of annual peaks. Of the total of 142 stations, 83 are crest-stage gages, most of which are operated in cooperation with the Nebraska Department of Roads to define the annual peak discharge. Figure 2 shows the location of the 142 stations. The symbols on the map identify the type of station and the number shown on the map corresponds to the number preceding the station name in table 1. ni l 
FLOOD-FREQUENCY ANALYSIS
FLOOD FREQUENCY AT A GAGING STATION
VALUE
A regional frequency curve is considered to be superior to an individual station frequency curve; however, an analysis must be made at each gaging station before a regional study can be started.
The flood history at a gaging station is a record of what has happened at that particular site during the specified period of observation which is relatively short, statistically speaking. Such a record is only a chance sample of the flood potential representing the overall flood-frequency relation and as such may be a poor example for predicting what will happen in the future, even at the same site.
TYPES OF SERIES
There are two methods in general use for studying -the frequency of floods: an annual flood series and a partial-duration series.
An annual flood is defined as the greatest momentary peak discharge in a water year (October 1 to September 30). In the annual flood array, the recurrence interval is the average interval in which a flood of a certain magnitude has occurred once as an annual maximum. An objection to the use of annual flood is that the second highest flood in a given high year may outrank many annual floods.
The partial-duration series is a list of all floods above a selected base. The base is generally selected as equal to the lowest annual flood so that at least one flood in each year is included. In the partial-duration series the recurrence interval is the average interval of time between floods of a given magnitude. An objection to the use of the partial-duration series is that the floods listed may not be fully independent events.
A definite relation exists between values in the two series as shown by Langbein (1949) and Chow (1950 The annual flood series is used in this report. Where a frequency curve derived from the partial-duration series is desired, an annual-flood curve can be converted to the partial-duration series curve by the relation expressed in the preceding table.
erally it is confined to the maximum flood during the memory of one or possibly several individuals. Some of the stages noted are beyond the limits of the defined stagedischarge relation, and a discharge could not be estimated.
PLOTTING POSITION FITTING FREQUENCY CURVES
The analysis of flood data starts with a listing of all the annual peaks at a gaging station. These are ranked according to magnitude starting with 1 as the highest. A time scale must be computed, to obtain a plotting position for the frequency scale. There are several methods, but the one used by the Survey and in this report is where T is the recurrence interval in years, n is the number of years of record, m is the order of the mganitude of the-flood, the highest being 1.
In the study of historical floods, n isthe number of years in which it is known that the flood was of the order assigned.
After the flood discharges for each station have been plotted against their computed recurrence intervals, a curve is drawn on the basis of the plotted points. The relatively short length of most streamflow records and the probable inaccuracies of small samplings do not warrant analytical curve fitting. Therefore, a visual best fit smooth curve is used in this report to average the points. It is known that the maximum flood or floods of record may have a recurrence interval considerably greater than the period of record. Therefore, in drawing a best fit smoothfrequency curve, more weight is given to the lower floods than to the higher floods. Figure  3 shows a plot of the frequency of annual floods for Plum Creek near Smithfield, Nebr.
LIMITATIONS OF A SINGLE STATION ANALYSIS
Annual floods are plotted on a special form devised by Powell (1943) on which the discharge is plotted on a linear scale as the ordinate and the recurrence interval on a scale graduated on the basis of the theory of extreme values as the abscissa.
HISTORICAL DATA
Historical floods can be used to extend the frequency curve of a station to cover a longer period. Historical data, however, are usually confined to stages or comparison of stages above a high base and it is important to define their order of magnitude with respect to a period of time. Historical information on small streams is more difficult to obtain than on larger streams because the duration of the flood is quite short and the number of people affected is very limited. Care must be exercised in assigning discharge values to historical stages because of possible channel changes.
Some information on historical floods was obtained, usually from local residents. GenGenerally the 2 5 -year or the 50 -year flood is selected as the design flood. Table 1 shows that there are no gaging stations in Nebraska with less than a 300 square mile drainage area which have 50 years of record of annual peaks and that there are only 5 stations which have more than 25 years of record of annual peaks. Of the total 142 stations, 113 have only 10 years or less of record of annual peaks. To define a 25-year or 50-year flood would require extensive extrapolation from the trend of the plotting position of lesser floods. The error of the curve could be considerable at its outer extremity.
The random manner in which flood events are distributed with respect to time is another limitation to frequency graphs based on records at a single station.
The maximum departure to be expected between flood magnitudes or frequencies computed from relatively short records and their true (long-term) values increases with the magnitude of the flood and decreases with the length of record {Benson, 1960 Although the figures in the above table are based on a hypothetical study, they give an indication of the possible errors, from chance alone, in frequency graphs based on shortterm records for a single station. A comparison of the lengths of stream records available in Nebraska on drainage areas of 300 square miles and less (table 1) with those indicated by Benson (1960) suggests that very few records in the State are long enough to define reliably the mean annual flood, and the floods of infrequent occurrence are less accurately defined. Analysis on a regional basis is used as a solution to the floodfrequency definition.
REGIONAL FLOOD-FREQUENCY ANALYSIS
A flood-frequency curve based on a number of stations has greater reliability than a curve from a single station. In order to combine the records for a number of stations, two requirements must be met. The first condition is that all the records must be reduced to a common time basis or base period, and the second is that the stations must have frequency graphs of the same general shape and slope, within limits of chance, so that they may be considered homogeneous. Table 1 shows graphically the length of usable records at the 142 gaging stations. Not all stations have records of the same length* If they are to be combined, records must be on the same time basis. The actual length of a short-period record of at least 5 years' duration can be extended by correlation with the long-term record of a nearby station. This correlation, however, is more sensitive for small streams than for larger streams and requires a long-term station in the immediate vicinity. Therefore, because there is such meager distribution of longterm stations within the State,the base period selected is 1947 59. Inasmuch as this base period is so short, it was also necessary to analyze records for 33 long-term stations having drainage areas greater than 300 square miles. This analysis was made for the period 1929 59 in order to establish the relation of the short base period to a 31-year period.
BASE PERIOD
The actual record at each station either included or was extended to the 13-year base period, and for the 33 long-term stations mentioned above, to the 31-year period by computing a discharge figure for each year of no record. These computed discharges, which are based on correlation with records for long-term stations, are used only to assign the more nearly correct order numbers to annual peaks of record.
DEFINITION OF MEAN ANNUAL FLOOD
According to the theory of extreme values as applied to floods by Gumbel (1945) , the arithmetic mean of the annual peak discharges in an infinitely long series is equal to the discharge corresponding to the 2.33-year recurrence interval. This definition is generally accepted, and the 2.33-year flood determined graphically is used as the mean annual flood for this report. Annual-flood data for each of the individual gaging stations were adjusted to the 13-year base period .
HOMOGENEITY OF RECORDS
The test for homogeneity of records involves determining whether differences in slopes of individual frequency curves are greater than might occur by chance in random sampling. This statistical test has a 95-percent confidence level,that is, one station in 20 may plot outside the limits of the test graph. The slope of each individual station frequency curve is expressed by the ratio of the 10-year flood to the mean annual flood. The average ratio derived from the group was multiplied by the mean annual flood for each individual station and the corresponding recurrence interval was determined from the station frequency graph. The recurrence interval thus obtained was then plotted against the effective length of record in years on the specially designed test graph. The effective length of record is the number of annual floods of record plus one-half the number of estimated annual floods used to complete the base period.
The test applied to the 142 gaging stations used in this report indicates two homogeneous flood regions in Nebraska which are designated as regions A and B. The regional boundaries are shown in figure 4. Region B is the Sand Hills, and region A consists of the remaining part of the State. There are 132 stations in region A and 10 stations in region B.
COMPOSITE FREQUENCY CURVES
In order to compare flood records at different gaging stations and combine them to define composite flood relations,it is necessary to convert the floods to a dimensionless basis. This was done by computing the ratio of floods of selected recurrence intervals to the mean annual flood for each gaging station in a homogeneous region. The median ratio of each selected recurrence interval was then plotted against the corresponding recurrence interval to give the composite frequency curve for each homogeneous region ( fig. 5 ).
RELATIONS OF MEAN ANNUAL FLOOD
The composite frequency curves as derived in the preceding section define dimensionless ratios of the mean annual flood to floods of other recurrence intervals. In order to define the flood-frequency curve in terms of discharge for a specific site, the magnitude of the mean annual flood is required. The magnitude of the mean annual flood is obtained by relating it to measurable characteristics of the drainage basin. The physiographic factors which may influence the mean annual flood at a given point are size of the drainage basin, shape of the basin, alinement of the basin with the prevailing direction of storm travel, channel storage, artificial or natural storage in lakes or ponds, slope of stream, land slope, stream density, stream pattern, altitude, depth and porosity of soil mantle, vegetal cover and land use. Some of these factors are difficult to evaluate and therefore cannot be used in a correlation.
The mean flow of a stream is a hydrologic measure that integrates all factors of runoff and thus includes an indication of flood potential. Because the majority of the station records used in this report are from creststage gages at which total runoff is not measured, the mean flow had to be determined from streams which have larger drainage areas and which are not always strategically located.
The mean annual flood was correlated graphically with contributing drainage area, mean flow, stream slope, and shape of basin factor. The drainage area size, the mean flow, and stream slope are all significant factors, drainage area and mean flow being the most significant. The correlations, however, do not give consistent results and inasmuch as mean flow was inadequately defined, the contributing drainage area alone was used to define a relation with the mean annual flood. Along with variations in mean flow, other factors or combination of factors that influence floods are not reflected in the size of the basin, but their effect is related in areas having somewhat similar physical features. Accordingly, the State was subdivided into 10 hydrologic areas shown in figure 4 . Except for the boundaries of the regions A and B which are also boundaries of hydrologic areas, the boundaries of the hydrologic areas follow the drainage divides or major streams.
Records for the 33 long-term stations mentioned under "Base Period" above were used in order to define mean annual flood relations with respect to time. The graphical definition of the mean annual flood for the 31-year (1929 59) base period was compared to the mean annual flood defined by the 13-year (1947-59) base period at each of the 33 individual stations which are distributed around and within the State. This study revealed that the average correction factor required to adjust the mean annual flood from the 13-year period to the 31-year period in the 10 hydrologic areas is as follows: The above adjustments are reasonably well established in all areas except in area 7 where there is considerable spread in results for individual stations used to define the average correction.
The mean annual flood for each station determined from the 13-year period was corrected by the average correction factor for the hydrologic area in which the station was located. For each of the 10 hydrologic areas, the corrected mean annual flood for each station in that area was plotted against the contributing drainage area for the station. Curves were drawn to average all the data in each area. The variation of mean annual 10,000 5000 flood with contributing drainage area for each of the 10 hydrologic areas is shown in figure 6 .
HYDROLOGIC AREAS
Area 1, as shown in figure 4 , is the northeast corner of the State. It includes all the smaller streams downstream from the Niobrara River and upstream from the Platte River which are direct tributaries of the Missouri River. It also includes the left bank tributaries of the Elkhorn River which are downstream from the Sand Hill area. The area is generally quite hilly. The variation of the mean annual flood with drainage area is defined by 15 stations. Area 2 is the southeast corner of the State. It includes Salt Creek, a tributary of the Platte River, and all direct tributaries of the Missouri River in the State downstream from the Platte River. This area is also quite hilly except for a flat area in Saunders County which probably is the remains of an old Platte River channel. The five Silver Creek stations included in this report are in this flat area and their drainage areas include many depressions which trap water and prevent it from reaching the stream. Available topographic maps for this flat area do not distinguish between the contributing and the noncontributing area. Twenty-five stations are in area 2, but because the contributing drainage of the five Silver Creek stations is not defined, the curve of variation of mean annual flood with drainage area is drawn on the basis of the data from the 20 remaining stations. The mean annual floods are higher than those in area 1 because of the greater mean annual rainfall and resulting greater mean flow.
Area 3 (fig. 4) consists of the south-central plains of the State. It contains the Big Blue River, the Little Blue River, and the tributaries of the Republican River downstream from Harlan County Dam. The headwaters of these streams drain gentle sloping land, and there are some depressions which trap runoff and prevent it from reaching the streams. Seventeen stations are used to define the variation of the mean annual flood with drainage area.
Area 4 ( fig. 4) includes Ponca Creek, the tributaries of the lower part of the Niobrara River, the upper part of the Elkhorn River and all its right-bank tributaries, the Loup River basin downstream from the Sand Hills, and the left-bank tributaries of the Platte River between the Loup River and the Elkhorn River. This area has a wide variety of topography and soils. Flood flow at some of the stations is materially affected by the proximity of the porous Sand Hills. Generally, it is possible to determine the contributing drainage area if good topographic maps are available. Good topographic maps have not been made for this area; therefore, some of the drainage areas are listed as approximate. Twenty-eight stations are used to define the variation of the mean annual flood with the contributing drainage area. The resulting curve is so similar to that for area 3 that one curve is shown on figure 6 as representative of both hydrologic areas.
Area 5 (fig. 4) includes the small tributaries of the Platte River in the central part of the State. The area contains some low rolling hills at the headwaters of the streams and at the perimeter of the area but toward the interior the land and stream slopes become less. As the drainage area increases, channel storage becomes a factor in reduction of the mean annual flood. Twenty-one stations are used to define the variation of the mean annual flood with drainage area.
Area 6 (fig. 4) Area 7 (fig. 4) is the western part of the State that includes drainage basins of the Republican, South Platte, North Platte, Niobrara, and White Rivers. This area has a wide variety of topography and soils. Some parts of the Republican River basin have depressions and sandy areas which do not contribute to surface runoff. Thirteen stations are used to define the relation of the mean annual flood to the contributing drainage area. The definition in area 7 is considered to be the poorest in the State.
Area 8 is the southwestern part of the Sand Hills as shown in figure 4 ; it is defined on the 'basis of only one station record. The station frequency curve indicates that mean annual floods are considerably lower than those defined in area 10. The relation of the mean annual flood to contributing drainage area is defined by the one station and the slope of the relationship curve defined in area 10.
Area 9 (fig. 4) is the part of the Sand Hills north of the Niobrara River. As in area 8, only one station record is available. The station frequency curve indicates that mean annual floods are considerably lower than those in area 10. The relationship curve, as shown in figure 6 , is based on the one station record and the slope of the relationship curve defined for area 10.
Area 10 ( fig. 4) The definition of the mean annual flood with respect to contributing drainage area covers the range of drainage area from 1 to 300 square miles in hydrologic areas 1 7. The range of drainage area defined in areas 8 10 is from 50 to 200 square miles.
APPLICATION OF REGIONAL FLOOD-FREQUENCY DATA
TRIBUTARY AREAS OF NATURAL RUNOFF
This section gives step-by-step procedures for determining the magnitudes of floods in Nebraska having any recurrence interval up to 25 years at any site not subject to manmade regulation or control that has a contributing drainage area between 1 and 300 square miles in region A and between 50 and 200 square miles in region B (fig. 4 ).
1. Determine the total and contributing drainage areas at the site. The contributing drainage area is that part of the total basin area that contributes directly to surface runoff. figure 4 , obtain the number of the hydrologic area and the flood region in which the site is located.
From
3. With the contributing drainage area (step 1) and the number of the hydrologic area (step 2), determine the mean annual flood for the site from figure 6. 4. With the flood region (step 3) determine the ratio to the mean annual flood for the flood of the selected frequency of recurrence from figure 5.
5. Multiply the ratio of the selected flood to the mean annual flood (step 4) by the mean annual flood determined in step 3 to obtain the flood magnitude at the site. If a complete frequency graph is desired, repeat steps 4 and 5 for a number of recurrence intervals.
It must be emphasized that the curves cannot be extrapolated with confidence beyond the limits of the base data from which the curves were derived.
STAGE OF FLOOD DISCHARGE
This report deals specifically with the frequency of flood discharges. Flood stage corresponding to these discharges may also be of primary concern in the design of certain structures and in other related studies. For rock-lined or firm-bedded streams at sites not subject to variable backwater from downstream inflow or structures, a stage-discharge relation provides a ready solution to the problem. For shifting-channel streams of Nebraska and where variable backwater may exist, the stage corresponding to the selected discharge may be approximated only after extensive research. If the stage is to be investigated, the engineer will find the site in question to be in one of two" categories:
1. Site at or near an established gaging station. Gaging stations have been maintained at several hundred sites in Nebraska. Locations of those established prior to September 30, 1950, are described in reports of the Geological Survey (Water-Supply Papers 1309 and 1310). Stations established since 1950 are described in the annual series of watersupply papers entitled "Surface Water Supply of the United States." A reasonable stagedischarge relation has been established at each of the small-area stations used for this report, and may be examined in the Lincoln office of the Geological Survey. For sites at or near gaging stations, it is usually possible to obtain stage data that are adequate for most purposes.
2. Site not near an established gaging station. The stage corresponding to a discharge of selected recurrence interval must generally be obtained through the medium of a stage-discharge relation. The extent of the investigation required to establish such a relation will depend upon the accuracy requirements. The following methods of deriving a stage-discharge relation are noted in decreasing order of reliability, (a) If the need for data can be anticipated far enough in advance, discharge measurements may be obtained to define the relation up to the maximum discharge observed in the period. The relation may be extended by the application of measured channel characteristics to appropriate hydraulic formulas. Shifting-channel characteristics may be investigated by studies of bed material and some long-term changes may be obtained from local residents. (b) If the need for data is immediate,the discharge for a past flood may be computed by hydraulic formulas if adequate floodmarks can be recovered and one point on the stagedischarge relation curve thereby established. A direct measurement of discharge at the time of the visit will provide one other point. (c) A method has been used to develop ratings for stable channels from the product of the stream slope at zero flow or low flow and characteristics of conveyance at a typical cross section. This method is unsuited to streams with unstable channel beds.
MAXIMUM KNOWN FLOODS
The design of major hydraulic^ structures whose failure may cause loss of life should consider the maximum probable flood rather than one that may be expected to occur in a defined period of years. A prerequisite to such an analysis is the record of maximum known floods.
Maximum known stages and discharges at the 142 gaging stations used in the floodfrequency analyses are shown in table 2. The stations are listed in downstream order and the number preceding the station name corresponds with the numbers shown in table 1 and figure 2. The flood region and hydrologic area in which the station is located is shown as well as the total and contributing drainage area. The contributing drainage area is used to compute the peak discharge in cubic feet per second per square mile. The period of known floods is that for which the stage or discharge is known to be the greatest. The stage is given for each maximum discharge except for stations 7730 and 7829. The discharge at these two stations had been determined from an indirect measurement prior to the establishment of the gage and there is no datum tie between the survey and the gage. Where the maximum stage and the maximum discharge are not concurrent, a change in the stage-discharge relation is indicated, and no discharge figure is shown for the maximum stage. Some periods of known floods for the maximum stage are extended on the basis of recovered floodmarks beyond the period of known floods for the maximum defined discharge. For such periods, a leader line has been placed in the discharge column to indicate that the discharge for this known stage could not be defined within allowable limits of accuracy. A leader line in other columns is also used to indicate that the information could not be determined.
Twenty-five unusual peak discharges have been collected at miscellaneous sites or at short-term gaging stations which have 300 square miles or less contributing drainage area. These data are shown in table 3. The sites are listed in downstream order. Gaging stations having records of insufficient length to be included in the flood-frequency analysis have been operated or are being operated at numbered sites. Unnumbered sites are miscellaneous sites where only one observation has been made.
As shown in figure 5 , there is a great difference in the composite frequency curve for region A and for region B, and the curves of figure 6 show that the mean annual flood for a given drainage area can vary considerably between hydrologic areas. A separate illustration was developed, therefore, for each of the 10 hydrologic areas on which the 10-and 2 5-year recurrence interval floods are shown as a curve to compare with the maximum discharge at the stations and miscellaneous sites in that hydrologic area. The maximum discharge at the 142 stations used in this frequency analysis are shown as open circles, and the maximum discharge at the miscellaneous sites and short-term gaging stations which are listed in table 3 are shown as closed circles. The gaging stations are identified by the last four or five digits of the index number, in order to correspond with those shown in tables 2 and 3.
The relation of the maximum discharge to the 10-and 25-year floods in the 10 hydrologic regions are shown in figures 7 11. 8 1950 8 -59 1950 8 -59 1950 8 -59 1951 8 59 1920 8 -59 1946 8 -59 1950 8 -59 1950 8 -59 1950 8 -59 1950 8 59 1952 8 59 1951 8 -59 1951 8 -59 1950 8 -59 1944 8 , 1946 8 -59, 1944 8 , 1946 8 -59 1932 8 -59 1931 8 59 1932 8 -59 1951 8 -59 1925 8 -59 1951 8 -59 June 16, 1957 June 21 
See footnotes at end of table. 6 1946 -59 1949 -53 1950 53 1948 -53 1946 59 1946 -59 1932 , 1946 -59 1947 -59 1951 -59 1951 -59 1948 -59 1951 -59 1945 , 1951 -59 1951 -59 1949 -56 1950 -59 1950 -57 1950 , 1953 -59 1946 -51 1937 -59 1941 59 1951 -59 1951 -59 1951 -59 1951 -59 June 22, 1947 June 6, 1949 May 27, 1953 Jan. 7, 1949 Feb. 2 5,2 6, 1950 June 14, 1951 _._do _____ . Feb. 25, 1957 Mar. 19, 1950 May 16, 1951 July 3, 1951 1959 1894-1959 1894-1959 1894-1959 1894 1959 1950-59 1950-59 1950-59 1882-1959 1950-59 1947-59 1950-59 1950 59 1950 59 1950-59 1950-59 1953-59 1931-59 1941-59 1941-59 1946- The accuracy of flood magnitudes for selected recurrence intervals obtained by methods outlined in this report is contingent upon the number of stations used, and the length of each record. When more data are obtained and, perhaps, improved methods of analysis are developed, better definition of the flood regime will be possible.
FLOCDDS IN NEBRASKA ON SMALL DRAINAGE AREAS, MAGNITUDE AND FREQUENCY
The curves presented are based on all available annual peak data through the 1959 water year on uncontrolled and unregulated streams having 300 square miles or less contributing drainage area, and 5 or more years' record of annual peaks. The regional frequency curves cannot be extrapolated with confidence beyond 25 years. The drainage area-mean annual flood curves should not be extended beyond the limits shown.
The curves presented in this report should not be used on controlled and regulated streams.
